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(57) The number of signal lines of a cable between 
a controller and a carriage is small, and the printing tim- 
ing of each head cs adjustable in units each smaller than 
one pixel. The signal lines include a signal line for serial 
printing data including printing data arranged in a pre- 
determined order for printing heads, a signal line far a 
clock corresponding to each bit of the data, a signal line 
for a signal HDSL [1..0] representing that the printing 
date included in the serial printing data corresponds to 



•which ij Tinting head, and signal fines for the signals for 
drivingj the heads. Before transferring data, one slice 
taction corresponding to the time slot for transferring 
the uni printing data for each head is divided into sec- 
'lions, and further the sections are divided into subsec- 
tions the number of which is equal to the number of print 
>»ads.!The transfer of printing data Is started from arbi- 
trary scbsection independently tor each head. 
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Description 
Technical Field 

[0001] The present invention relates to a printing 
apparatus such as a printer or a plotter, and more par- 
- ticutariy to the optimization of a method tor transferring 
data to a print head having a shift register installed 
therein. 

Background Art 

[0002] Normally, a printing apparatus, such as an 
inkjet printer or plotter, repeats printing and paper sheet 
feeding to complete an image while moving the print 
head across the paper sheet. 

[0003] lb send print data to the print head carried 
on the carriage, the data is sent from a central proces- 
sor (engine controller), which controls the printing appa- 
ratus, to the print head via a cable. 
[0004] With the introduction of a fun-color, high- 
speed printing apparatus, more heads are installed in 
the apparatus, usually four and. in some cases, six. This 
requires more signal lines between the central proces- 
sor and the carriage, increasing both the apparatus size 
and the cost 

[0005] In addition because of the use of a flexible 
flat cable, more signal fines not only increase the cost 
but make the radiation noise problem more serious- 
Therefcre, there Is a need for minimizing the number of 
signal fines- 

[0006] FIGS. 17 and 18 show examples of a con- 
ventional method for connection between the engine 
controller and the carriage. In the conventional method 
shown in FIG. 17. the largest number of signal fines is 
used because all data for each head are transferred 
independently to each prim head. 
10007} On the other hand, in a conventional method 
shown in FK1 18. head data (HDD ATA) and drive sig- 
nals (HDD RIVE) are sent independently to each head 
while a data transfer dock (HDCLK) and a latch clock 
(HDLTCLK) are shared by the heads. This configuration 
uses less signal lines than the configuration shown in 
FIG. 17. However, as shown in the timing chart in FIG. 
19, 128 bits of data are continuously sent to one head 
and 128 bits of data are latched at the same time in the 
configuration shown in FK3L 18. rn this configuration, 
data is transferred to each head, one slice at a time and. 
therefore, fine print timing adjustment cannot be made. 
(In this specification, a "slice" represents a group of pix- 
els of the number of one-horizontal-pixel by vertical print 
nozzles (128 pixels in this case), as one unit A slice 
corresponds to a time slot required to transfer a unit of 
print data corresponcSng to a plurality of print nozzles on 
a plurality of heads). Thus, when printing data in color, 
color mixture adjustment is made by one dot Because 
human eye can normally Identify a color difference of up 
to 1/4 pixel, it is known that adjustment of 1/4 pixel or 
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less is nee* led to avoid a problem. 
[0008] '(Therefore, it is an object of the present 
invention ti> provide a print data transfer method ar£ 
priming apparatus that reduce the number of signal 
5 lines used • n the cable between the printing apparatus 
controller ax! the carriage and that can adjust the print . 
timing of e^ch head by less than one pixel. 

Disclosure j3f Invention 

10 

(00C 91 ; Hie print data transfer method according to 
the presen invention is a method lor transferring print • 
data from s controfler to a carriage via a cable for use in 
a printing a Dparatus which performs printing while mov- 

15 ing the casiage bi-directionally over a sheet of paper, 
the carriage carrying thereon a plurality of print heads 
each bavin; j a plurality of dot printing elements, wherein < 
the cabfe <j emprises a signal Ene via which serial print . 
data, to be supplied to the plurality of print heads is 

20 transferred in a redetermined order, a signal fine via 
which a deck signal corresponding to individual bits of 
the serial p irrt data is transferred, signal lines via which 
a signal indicating which print head corresponds to 
whkth print data included in the serial print data is trans- 

25 ferred, and signal lines via which drive signals of the 
heads are < ran sf erred k the method comprising the steps, 
of dividingjone slice section into a plurality of sections, 
the !£Jice dion correspond ng to a time slot required to 
transfera ijnit of printdata corresponding to the plurality 

so of dot print ng elements of the plurality of heads and fur- 
ther dividing each divided section into a number of sub- . 
sections, the number being equal to the number of the 
print head* ; assigning the different subsections of each 
divided seirton to the plurality of print heads: dividing 

35 the <unrt of | Hint data for each print head into the number 
of tiie plurality of divided sections; and starting a trans- 
fer of the print data of each print head independently of 
the print data of other print heads, beginning with any 
one of theipluralrty of subsections assigned to that par- 

40 ticular prirt head in one divided section. 

[001 0] "* ; According to the present invention, because 
print data ior the plurality of print heads is converted to 
serial data! for transfer over the cable, the number of slg- 
na& in theicable can be reduced. At the same tine, one 

45 slice secticm is divided into a plurality of sections, each 
Of lihese j divided sections is further divided into a . 
number ofj subsections, the number being equal to the 
number ofi the print heads, and the drffererrt subsections 
of each olj/ided section are assigned to the plurality of . 

50 print head?. This enables the print timing of each print . 
head to bej adjusted in increments of less than one pixel. 
As a resujt. this minimizes color misalignment in color 
printing ajxl ruled -line misalignment caused by nm's- 
aiignmerrtj of the heads. 

S5 [Q01 1 ] : in the above printing apparatus, for example. : 
four print fieads are used as the plurality of prir: heads. ■ 
the one si ce section is divided at least into four divided 
sections. « nd each divided section is further da rted into 
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four subsections, 

[0012] The apparatus tor implementing the method 
according to the present invention is a printing appara- 
tus which performs printing while moving a carnage bi- 
directionally over a sheet of paper, the carriage carrying s 
thereon a plurality of print heads each having a plurality 
of dot printing elements, the printing apparatus compris- 
ing a controller for generating serial print data inducting 
print data tar the plurality of print heads in a predeter- 
mined order, a clock signal corresponding to individual 10 
bits of the serial print data, a signal indicating which 
print head corresponds to which print data included in 
the serial print data, and a drive signal of each head; a 
cable for transferring the serial print data and various 
signals generated by the controller to the carriage; and 75 
a signal distributing means for distributing the print data 
and the various signals received from the cable to the 
plurality of print heads, wherein the controller divides 
one slice section into a plurality of sections, the slice 
corresponcSng to a time slot required to transfer a unit of 20 
print data corresponding to the plurality of dot printing 
elements of the plurality of heads; further divides each 
divided section Into a number of subsections, the 
number being equal to the number of the print heads; 
assigns the different subsections of each divided sec- 25 
tion to the plurality of print heads; divides the unit of 
print data for each print head into the number of the plu- 
rality of divided sections; and starts a transfer of the 
print data of each print head independently of the print 
data of other print heads, beginning with a specified 30 
subsection of the plurality cf subsections assigned to 
that particular print head in the divided section. 
[0013] More specifically, each print head has a plu- 
rality of dot print means arranged in a direction substan- 
tially perpendicular to a carriage moving direction and ss 
the print data for the plurality of dot print means of one 
print head fs transferred using the plurality of subsec- 
tions assigned to that particular print head. 



Briel Description of Drawings 
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FIG. 1 is an external view showing a portion around 

the print unit of a printing apparatus in an embooh *s 

ment of the present invention; 

FK3L 2 is a control block diagram showing an engine 

controller of the printing apparatus shown in FIG. 1 ; 

FIG. 3 is an illustration of the signals in a cabia 13 

connecting a head controller 25 and a carriage 12 so 

of the printing apparatus shown in FIG. 1 ; 

FIG. 4 is a block diagram showing an example of 

the internal configuration of the head controller 25 

shown in FIG. 3; 

FIG. 5 is a timing diagram of head data transfer in ss 
the embodiment of the present Invention; 
FIG. 6 is a block cfiagram showing an example of 
the configuration of a head clock generator 42 



shojwn in FIG. 4; 

FlG. 7 is a block diagram showing an example of 
the; configuration of a latch generator 74 shown in 
FIC3. 6; 

RG. 8 is a timing diagram illustrating the operation 
of the latch generator 74 shown in FIG. 7; 
RG . 9 is an illustration showing the input/output sig- 
nal*, of a head drive signal generator 51 shown in 
FIG. 4; 

RG - 10 is a timing diagram showing the relation of 
thej signals of the head drive signal generator 51 
shown in FIG. 9; 

Fiq. 1 1 is a block diagram showing an example of 
thej configuration of a head data buffer 44 shown in 
Fid. 4; 

FIG . 12 is a timing diagram showing the operation 
of tl ie head data buffer 44 shown in FIG- 4; 
Rd. 13 is a block diagram showing an example of 
thd configuration of an address generation counter 
125 shown in FIG. 11; 

FIG . 14 is an illustration of the inputtoutput signals 
of ii data selector 91 Installed in the carriage 12 
shown In FIG. 3; 

FICj . 15 is a block diagram showing an example of 
the} configuration of an ink jet head in the embedi- 
mej it of the present invention ; 
RG l 1 6 is an ill ustration of print timing adjustment in 
M4 pixel increments in the embodiment of the 
present invention; 

RCi. 17 is an illustration of a first example of the 
conventions! connection between the engine con- 
troller and the carriage; 

FK3 i. 18 is an illustration of a second example of trie 
cob ve rational connection between the engine con- 
troller and the carriage; 

Fldi. 19 is a timing diagram of head control in the 
co^errfiona! connection shown in FIG. 18; 
FIC \. 20 Is a block diagram showing the configura- 
tion of a printing apparatus In another ernbodirnent 
of ihe present invention in which the head driver is 
pr<3 vided in the carriage side; FIG. 21 is a block oma- 
gra m showing an example of the configuration of 
th« head driver shown in FIG. 20; and 
FM3L 22 is a block diagram showing an example of 
the configuration of the head controller correspond- 
ing to the embodiment shown in FIG. 20. 

Best M ode for Carrying Out the Invention 

[001 5]j Preferred embodiments of a printing appara- 
tus according to the present invention will now be 
descrl «d in detail by referring to the attached drawings. 
An inkiiet printing apparatus is raised here as an exam- 
ple. ! 

[001 61 FIG. 1 shows an external view of the portion 
around a printing unit of the printing apparatus in an 
ernboaiment- A carriage 12 carries thereon four (Y, M, 
C. K) odor print heads. The carriage 12 moves, along a 



3 



PAGE 5/32 r RCVD AT 3Q4I2005 1 :42:55 AM [Eastern Standard Time] ■ SVR:USPTO-EFXRF-1/0 1 DMS:8729306 1 CS©:886 2 23697233 ■ DURATION (mnh$s):0M4 



03/24/05 THU 14:38 FAX 886 2 23697233 



5 EP1 031 421 A1 

carriage support rail 11, back and forth in the direction 
(Y) which is perpendicular to the feed direction (X) of a 
paper sheet 14. Each head, with 128 print nozzles (dot 
print elements) arranged substantially in the X direction, 
has a register (128-bit shift register) corresponding to s 
these nozzles. Power and various signals supplied to 
, the heads are transferred from an engine controller via 
a flexible flat cable (FFC) 13. The carnage 12 performs 
a printing on the sheet 14. moving bi-directionally left- 
wards and rightwards. Each time one band of data w 
extending in the carriage scan direction (Y direction) 
has been printed, a sheet transport roller 15 moves the 
sheet in the X direction by a predetermined amount 
Repealing such an operation completes the entire 
image on one sheet of paper. FIG. 2 shows a control ?5 
block of the engine controller. 

[0017] With reference to FIG. 2, an explanation will 
be given of an operation from an acceptance of image 
data to a transfer thereof to the print heads. First, an 
image input controller 22 accepts image data via an so 
external interface 20. Then, the image input controller 
22 immediately issues a DMA request (REQ1) to an 
MPU 21. In response, the MPU 21 transfers the image 
data to an image memory 24 in the DMA mode and, at 
the same time, outputs a DMA acknowledge (ACK1) to 25 
the image input controller 22. The MPU 21 also trans- 
fers the image data to a head controller 25 to start a 
printing. The head controller 25 transfers print data to 
the heads according to the count value of a linear scale 
signal entered in synchronization with the carriage so 
movement and, at the same time, gives print pulses to 
the heads to print the image data. 
[0018] When the image data in the head controller 
25 is exhausted, the head controller 25 requests the 
MPU 21 to transfer image data (REQ2). In response, 35 
the MPU 21 transfers image data stored in the image 
memory 24 to the head controller 25 in the DMA mode 
and, at the same time, outputs a DMA acknowledge 
(ACK2) to the head controller 25. By repeating such an 
operation, image data is sent to the print heads and is to 
printed. 

[0019] The MPU 21 controls a transport motor 27 
and a carnage motor 28 via a drive controfler 23. In 
addition, the MPU 21 accepts input data from, and out- 
puts display data to, an operation panel 29. *s 
[0020] The operation of the MPU 21, described 
above, is controlled by a program stored in a program 
memory 26 such as an ROM. 

[0021] F1GL 3 shows the signals sent via the cable 
1 3 that connects the signals from the head controller 25 so 
to the carriage 12. The signals sent via the cable 13 
includes the print data HDDATA tor a plurality of print 
heads, a data transfer clock HDCLK. a lateh ctock 
HDLTCLK. a head selection signal HDSELO and 
HDSEL1, and head drive signals HDDRIVEi. ss 
HDDRIVE2, HDDRIVE3, and HDDRIVE4. Compared 
with the prior art system shown in FIG. 18. rt is apparent . 
that the number of HDDATA signal fines has reduced 



CHYUN IPO @)006 



6 

fiwnfourti)oneand,atthe6arnetime.twoHDSELfines : 
are added. In addition, as win be described later, the 
control in Jiccordance with the present invention allows 
the print Iming of each head to be adjusted by a unit 
smaler thin one horizontal pixel. This rrtnirnros color : 
misafignrrisrtt in color printing and ruledHine misalign- 
ment caua ed by misalignment of the heads. 
[M22] i Next FIG- 4 shows an example of the inter- ! 
naJ conf igj i ration of the head controller 25 shown in FIG. 
3. FIG. 5 1 i a timing diagram of head data transfer in the : 
embodirr* rrt of the present invention. This cSagram will 
be retererjsed in the description below as necessary. 
[QC23] ' The head controller 25 shown in FIG. 4 com- 
petes a lii lear scale controller 41 , a head dock genera- . 
tor 42, a jxint timing generator 43, a head data buffer 
44. and ahead drive signal generator 51 . 
t0024] The Bnear scale controller 41 generates a 
two-bit skjnal which divides one horizontal slice section ; 
into four, ased on the linear scale signal (LA, LB) which : 
are 90 decrees out of phase with each other. A divide- 
by-four circuit 45 generates a signal which further 
divides ea ch divided section into four (00, 01. 10. and 
1 1 in binary notation). This signal, called a head selec- 
tion signal , is represented as HDSELp ..0]. The notation 
[1..0] mdu ates that the signal Is a two-bit signal includ- 
ing bh 0 ;o bit 1. The cfividG-by-four circuit 45. which 
includes 1 herein an internal timer, further divides one 
divided si action into four subsections. That is, in this 
embocfimjsnt one horizontal slice section is divided into 
16 subsejtfons. In addition, to calculate the print start 
position ajnd the print end position in the carriage seen 
direction of each head, a 1&-brt linear scale signal count 
value (IJiicrsrTt15..pj) is output This is applied to the . 
head doc * generator 42. 

[0025] ! The head dock generator 42. print timing 
generator 43. head drive signal generator 51, and the 
head data buffer 44, shown in FIG. 4, wffl be detailed; 
below. 

BW26] : PIG. 6 shows tie details of the head clock: 
generate* 42. Upon receiving the print start and end; 
pcsrtionsi[each may be set in increments of 1/4 pixel) of. 
each head from the MPU 21. the head dock generator 
42 . compares these positions with UnCNT by using a 
window c omparator 71 to output window signals WindK, 
WindC. UfindM, and WindV each of which indicates the 
print are* (period) of each head. In the timing diagram 
shown \ri FIQ. 5. the period during which each window, 
signal isjhigh is the print area of the head. The dock 
generator 42 also generates tie selection control sig- 
nals SEliK. Seuc. SELM, and SELY with the use of a 
decoder j 72 each time the head selection signal 
HDSEL0I and HDSEL1 changes. Also, each time the 
HDSELO! and HDSEL1 change, a dock generator 73 
outputs 32 clock pulses. Based on these signals, logical 
circuits sjiown at the upper-right corner of FIG. 6 gener- 
ate the data transfer dock HDCLK. In addition, a latch 
generatd" 74 outputs HDLTCLK each time the number 
of Head^LK (that is. HCLK) dock pulses selected 
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based on the HDSEL reaches 128. 
[0027] FIG- 7 shows an example of the configura- 
tion of the latch generator 74 shown In FIG. 6. The latch 
generator 74 comprises plural sets of a 7-bit counter, a 
D flip-flop, and an AND gate for the respective heads 5 
and one OR gate shared by all the AND gates. Each 
time 128 HCLK clock pulses are output for each head, 
the latch generator 74 outputs the latch dock LTCLK. 
This operation is as shown in the waveform diagram in 
FIG. 8. w 
[0028] The print toning generator 43, shown in FIG. 
4. selects a latch clock HD LTCLK based on the head 
selection signal HDSEL to output the heal trigger sig- 
nals HeatTrigO - HeatTrig3. These signals are used as 
trigger signals to cause the head drive signal generator is 
Si to generate the head drive signals HDDRJVE1 - 
HDDFMVE4. As shown in FIG. 9, the head drive signal 
generator 51 generates three- btt 8 LOCKE MB signal 
and one-bit Heat signal for each head as HDDRfVE sig- 
nals. FIG. 10 is a timing diagram showing the relation of 20 
these signals. BLOCKENB is a signal used to sequen- 
tially drive eight blocks into which 129 nozzles are 
divided. 

[0029] The head data buffer 44 shown in FIG. 4 is 
configured so that the head data HDDATA selected by 2s 
the head selection signal HDSEL is output therefrom in 
synchronization with the head transfer clock HDCLK- In 
this embedment each time head data is selected, 32 
HDCLK signals are output That is, 32 bits of data are 
output Thus, when data is selected four times. 128 bits so 
(one head) of data are output TUe numbers labeled in 
the head data HDDT (HDDATA) signal at the bottom of 
FIG. 5 correspond to print nozzle numbers. Print data, 
composed of 128 bits corresponding to 128 nozzles of 
each head, are divided Into four, 1-32, 33-64, 65-96. 
and 97-128, and respective division data is transferred 
using four subsections assigned to that particular head. 
[0030] FIG. 1 1 shows an example of the configura- 
tion of the head data butter 44 shown in FIG- 4. This 
buffer comprises a dual port memory 121, a 16-bit par- 
all ef-serial converter 122. an address generation coun- 
ter 123, a four-bit counter 124, and a DMA request 
issuer 1 25. In this example, the dual port memory 1 21 is 
composed of 256 asynchronous 16-fott words. By set- 
ting the DMA request start timing Into the DMA request 45 
issuer 125 by the MPU. an image data request (RE02) 
is generated at an arbitrary carriage position. In syn- 
chronization with this signal, the MPU writes one slice of 
data into the dual port memory 121 . Also, in synchroni- 
zation with HDCLK, data at the address indicated by the so 
address generation counter 123 is read as 16-bit OUT- 
DATA, which is output as serial head data HDDATA via 
the 16-bit parallel-serial converter 122. The timing dia- 
gram in FIG. 12 shows the operation of the head data 
buffer 44. As shown in the figure one bit of HDDATA is ss 
output each time HDCLK is output Each time HDCLK is 
output 16 times, the feur-brt counter 124 outputs a Rip- 
ple Carry (RC). In response to this signal, the output 
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from thi* address generation counter 123 to the OUT- 
ADRS^tf the memory 121 is updated. 
[00311 j FIG. 13 Shows an example of the configura- 
tion of line address generation counter 123 shown in 
FtG. 11. This circuit comprises four eight-bit counters 
each oi which generates an address for each head in 
lesponj « to the HDSEL signal, a decoder which selec- 
tively activates these counters, and a multiplexer which 
ne!ectsi the output of one of the counters and outputs ft 
as the a ddress ADR. To determine the address range of 
each t1?ad data, the count increment and the initial 
oddresi. may be set 

|0032] ; The signal output from the head controller 
!!5, shewn in FIG. 3, is sent to the carriage 12 via the 
cable 13. The carriage 12 has a simple data selector 
(three \\ to 4 selectors) 91 such as the one shown in 
FIG. 14. Data is sent to the shift register (81 in FIG. 15 
which m 'ill be descrfeed later) of each head via this data 
selector. 

| C033] : FIG. 15 shows an example of the configura- 
tion of in ink jet head 80. The ink jet head 80 comprises 
a 128-j<t shift register 81, a 128-bit latch 82. a heater 
driver 83, and heaters Seg1 - Seg128. The 128-brt shift 
regtetei 81 serially receives head data HDDATA in 
response to the HDCLK. When 128 bits of data are 
received, they are sent to the 128-bit latch 82 in 
response to the HD LTCLK signal. Depending upon the 
logical 1 product (ANDing operation) of this data and 
BLOCti ENB, each heater is driven at the timing indi- 
cted by the Heat signal. 

!0034] i Print timing adjustment thai can be made in 
1/4 pij;el increments in this embodiment will be 
described with reference to FIG. 16. The upper half of 
FIG- 1li shows the arrangement of print image pixeis. 
The bci torn half shows the relation between the HDSEL 
signal land the head data HDDT (HDDATA) similar to 
that shj>wn in FIG. 5. However, this exarrple shows four 
oossibia different timings (phases 4 1 to 6 4) for printing 
the heiid data HDDT. As described above. 128 bits of 
•data are transferred for each color of one horizontal 
slice pisiod. At this time, the one-slice period is divided 
into faijff and each divided period is further divided into 
four 514 ^sections to provide a transfer period for each 32 
bits. Oh the other hand, the rising timing can be set for 
each vitndow signal Wind in 1/4 pixel increments. This 
setting] allows the transfer of data for one color (K In FtG. 
16) to j)o performed in any of four different print timings 
(phases 4 1 to 4> 4). In adoption, the print timing for one 
color data may be set independently of that tor another 
color d ata. 

[0035] Although a head with 126 print nozzles; is 
used oi the embodiment described above, the present 
invention is not fimited to this head configuration. For 
example, for a 160-nozzle head, 40 bits are transferred 
for eac h HDSEL and one head of data is transferred in 
four tr^insfer times. The circuit for such alternation may 
be cod figured easily based on the circuit configuration 
in the Embodiment described above. Other print heads 
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may also be used. In the above embodiment, the head 
data (HDDT) is transferred via one serial signal Gne To 
reduce the HDCLK frequency, parallel signals (about 2 - 
4 bits) may ateo be used. 

[0036] The head drive signal generator 51 shown in 
FIG. 9 is located on the head controller 25 side in the 
.above embodiment (see FIG. 4) because the compo- 
nent is a relatively large circuit. However, the head drive 
signal generator 51 , as well as the print timing generator 
43. may also be provided on the carriage 12 side as a 
head driver 47, as Shown in FtG. 20. This configuration 
further reduces the number of signal lines in the cable. 
[0037] FJGL 21 shows an interna) configuration of 
the head driver 47. The head driver 47 comprises the 
print timing generator 43 and the head drive signal gen- 
erator 51 as in the head controller shown in FIG. 4. In 
this example, however, the head drive signal generator 
51 controls, in response to an instruction from the MPU. 
the pulse width of the pulse signal (Heat signal in FK3L 
10) that drives the head. Therefore, the head drive sig- 
nal generator has the transmitting and receiving termi- 
nals (TxD, RxD) tor serial communication with the MPU. 
For communication with these terminals, the head con- 
troller Z5 has a serial communication unit 46 connected 
to the MPU system bus as shown in FIG. 22. Communi- 
cation with the head drive signal generator 51 described 
above is made via the transmitting and receiving termi- 
nals (TxD. RxD) of the serial communication unit 46. 
[0038] Comparison between the cable 1 3 in FIG. 20 
and the cable 13 in FIG- 3 indicates that the configura- 
tion shown in FIG- 20 further reduces the number of sig- 
nal lines. This configuration is preferable when the 
carriage 12 has an additional room for installing the 
head driver 47. 

[0039] A printing apparatus according to the 
present hvention reduces the number of signal lines of 
the cable between the engine controller and the car- 
riage on which the print heads are earned. In addition, 
the logical circuits installed m the carriage may com- 
prise only logical gates not requiring the system dock, 
requiring less counter measures against radiation noise 
and so on. 

Industrial Applicability 

[0040] The present invention is applicable to the 
research and development and the manufacturing of a 
printing apparatus such as a printer and a plotter. 

Claims 

1 . A method for transferring print data from a control- 
ler to a carriage via a cable in a printing apparatus 
which performs printing while moving the carriage 
bi-directionally over a sheet of paper, said carriage 
carrying thereon a plurality of print heads each hav- 
ing a plurality of dot printing elements; 

wherein sard cable comprises at least a sig- 



10 

nal fin e via which serial print data to be supplied to . 
said fjturality of print heads is transferred in a pre- 
determined order, a signal line via which a clock 
signal corresponding to individual bits of the serial : 
s print c ata is transferred, and signal lines via which a ! 

signal indicating which print head corresponds to 
which print data included in the serial print data is 
transferred, 

■ said method comprising the steps of: 

10 ;• 

di riding one slice section into a plurality of sec- 
tii us, said slice section corresponding to a time 
si 3t required to transfer a unit of print data cor- : 
re spending to the plurality of dot printing ele- ' 

is merits of the plurality of heads and further : 

dividing each divided section into a number of : 
si resections, said number being equal to the 
ni imber of said print heads; 
assigning the different subsections of each : 

so d j rided section to said plurality of print heads; . 

dividing the unit of print data for each print head 
into the number of the plurality of divided sec- 
tn*>s;and 

si artng a transfer of the print data of each print : 
25 hjiad independently of the print data of other : 

pj int heads, beginning with any one of the plu- • 
ic lity of subsections assigned to that particular • 
pi int head in one divided section. 

so 2. The niiethod for transferring print data according to : 
claim h. wtierein four print heads are used as said . 
plurality of print heads, said one slice section is : 
divide! 3 at least into four divided sections, and each ! 
divided section is further divided into four subsec- ' 
3$ tfons-j 

3. The method for transferring print data according to 
daimil, wherein drive signals of respective heads 
are g 4 me rated in said comroBer and said cable fur- 

40 Ther c omprises the drive signals for the respective 
heads. 
> 

4. The rtiethod for transferring print data according to . 
daimil, wherein drive signals of respective heads 

45 are gj iterated in said carriage and sard cable fur- . 
ther comprises a signal for transferring serial data 
tor controlling a purse width of the drive skjnal of 
each 'lead. 

so 5. A printing apparatus which performs printing white 
moving a carriage bi-directionally over a sheet of ] 
papej, said carriage carrying thereon a plurality of \ 
print I leads each having a plurality of dot printing 
elements, said printing apparatus comprising: 

& \ 

a controller for generating serial print data, 
iijdudmg print data for said plurality of print 
hjsads in a predetermined order, a dock signal 



25 
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corresponding to molvidual bits of the serial 
print data, a signal indicating which print head 
corresponds to which print data included In the 
serial print data, and a drive signal of each 
head; s 
a cable for transferring the serial print data and 
various signals generated by said controller to 
said carriage; and 

a signal distributing means for distributing the 
print data and the various signals received from' to 
said cable to said plurality of print heads, said 
signal distributing means being provided in 
said carriage; 

wherein said controller divides one slice sec- 
tion into a plurality of sections, said slice cor re- is 
spending to a time slot required to transfer a 
unit of print data corresponding to the plurality 
of dot printing elements of the plurality of 
heads; further divides each divided section into 
a number of subsections, said number being so 
equal to the number of said print heaps; 
assigns the different subsections of each 
divided section to said plurality of print heads; 
divides the unit of prim data for each print head 
into the number of the plurality of divided sec- 55 
tions: and starts a transfer of the print data of 
each print head independently of the print data 
of other print heads, beginning with a specified 
subsection of the plurality of subsections 
assigned to that particular print head in one w 
divided section. 



. in the serial print data; 

; a cable for transferring the serial print data and 
; various signals generated by said controller to 
■ said carriage; 

: a signal distributing means for Distributing the 
\ print data and the various signals received from 
- said cable to said plurality of print heads, said 
signal distributing means being provided in 
; said carriage; and 

I a drive signal generating means for generating 
; the drive signal of each head, said drive signal 
• generating means being provided in said car- 
riage* 

wherein said controller cSvkJes one slice sec- 
tion into a plurality of sections, said slice cone- 
spending to a time slot required to transfer a 
unit of print data corresponding to the plurality 
; of dot printing elements of the plurality of 
; heads; further divides each divided section into 
; a number of subsections, said number being 
i equal to the number of said print heads; 
i assigns the different subsections of each 
: divided section to said plurality of print heads; 
; divides the unit of print data for each print head 
' into the number of the plurality of divided sec- 
j tions: and starts a transfer of the print data of 
; each print head independently of the print data 
; of other print heads, beginning with a specified 
i subsection of the plurality of subsections 
: assigned to that particular print head in one 
! divided section. 



The printing apparatus according to claim 5, 
wherein four print heads are used as said plurality 
of print heads, said one slice section is divided at 
least into four divided sections, and each divided 
section is further divided into four subsections. 



<>. This printing apparatus according to daim 8. 
whjjrein four print heads are used as said plurality 
of (Kint heads, said one slice section is divided at 
leajtf into four divided sections, and each divided 
sex) tfon is further divided into four subsections. 



7- The printing apparatus accortfng to claim 5, 
wherein each print head has a plurality of dot print 
means arranged in a direction substantia^ perpen- 
dicular to a carriage moving direction and wherein 
the print data for said plurality of dot print means of 
one print head is transferred using said plurality of 
subsections assigned to that particular print head. 



AO 



4S 



10l Thii printing apparatus according to claim 8 
whjirein each print head has a plurality of dot print 
me ans arranged in a direction substantially perpen- 
did Jar to a carriage moving direction and wherein 
the. print data for said plurality of dot print means of 
onn print head is transferred using said plurality of 
5ut .sections assigned to that particular print head. 



A printing apparatus which performs prirrtmg while 
moving a carriage bi-directionally over a sheet of 
paper, said carriage carrying thereon a plurality of 
print heads each having a plurality of dot printing 
elements, said printing apparatus comprising: 



SO 



a controller for generating serial print data 
including print data for said plurality of print 
heads in a predetermined order, a Clock signal ss 
corresponding to individual bits of the serial 
print data, and a signal indicating which print 
head corresponds to which print data included 



11. Thi? printing apparatus according to claim a, 
wh erein said drive signal generating means com- 
prises means for adjusting a pulse width of the drive 
signal of each head and wherein said cable further 
coinprises a serial data transfer signal line for con- 
trolling the pulse width of the drive signal of each 
head. 
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